Appendix 1: Scheme S1: Additional protonation transition states Scheme S1: Additional protonation states TS 5 and 6 are shown.
Both direct attack by the acid at the protonated Cp* ring (TS 6) and the metathesis pathway (TS 5) feature barriers that are thermally inaccessible at room temperature. In the case of TS 6, protonation would lead directly to the evolution of hydrogen, represented by 7, without the participation of the Rh center. However, at 43.8 kcal/mol above the singly-protonated Rh I complex, this is an insurmountable barrier. Alternatively, after the barrierless generation of 5, metathesis could occur wherein the metal-bound proton and the Cp*-bound proton combine to generate complex 6. The barrier for this reaction is found to be 27.1 kcal/mol. By comparison, TS 4, which is featured in the manuscript, is 20.5 kcal/mol. Neither of these transition states are reasonable when compared to the concerted pathways. 
